Abstract. Partial or complete spontaneous cancer regression is a rare phenomenon, particularly in patients with lung cancer. This is the case report of a patient with lung cancer who exhibited spontaneous regression of the primary as well as metastatic lesions, without receiving any treatment. Spontaneous regression commenced within a week of obtaining pathological specimens by transbronchial and percutaneous biopsies from the primary lesion and metastatic lymph nodes of the left side of the neck. The reason for this phenomenon is unknown; however, we hypothesized that there may be an immunological association between the stimulus of the biopsies and the spontaneous regression. This patient should be closely followed up to monitor the clinical course of this unusual case.
Introduction
Spontaneous regression has been reported in a variety of malignant diseases, including lung cancer, whereas the types of cancer most commony exhibiting this rare phenomenon include malignant melanoma, neuroblastoma and renal cell carcinoma (1) (2) (3) . The standard definition of spontaneous regression is 'the partial or complete disappearance of a malignant tumor in the absence of treatment or in the presence of therapy considered inadequate to exert a significant influence on the disease' (1, 2) . The distinct pathogenetic mechanism underlying spontaneous regression in malignant tumors remains unclear, as there is no consensus due to its rare occurrence. This is the case report of a patient with lung cancer who exhibited spontaneous regression of the primary and metastatic lesions without having received treatment. The patient provided written informed consent.
Case report
A 65-year-old man was referred to Mito Medical Center, University of Tsukuba (Mito, Japan) with a mass in the left side of the neck. The tumor had enlarged rapidly over the previous 2 weeks and was accompanied by severe pain in the left arm. Within a week from the first presentation, paralysis developed gradually below the level of T9 and the patient was admitted to our hospital. The patient was a heavy smoker, with no family or past history of disease. At the first presentation, the physical examination revealed a sizeable, hard, fixed tumor on the left side of the neck. The laboratory examination revealed a white blood cell count of 9,800/µl, a C-reactive protein level of 8.59 mg/dl and a cytokeratin-19 fragments level of 5.3 ng/ml. A computed tomography (CT) scan of the neck revealed enlarged, bulging left cervical lymph nodes (Fig. 1A) . A chest radiograph and CT scan revealed a solid peripheral tumor in the right lung with enlarged lymph nodes on both sides of the mediastinum ( Figs. 2A and 3A) . Magnetic resonance imaging (MRI) of the thoracic vertebrae revealed metastasis to the vertebral body and dura mater in T9. The findings of the abdominal CT and brain MRI scans were normal.
Percutaneous aspiration cytology of the tumor on the left side of the neck and transbronchial biopsy of the upper lobe of the right lung were performed and the pathological examination established the diagnosis of poorly differentiated non-small-cell lung cancer, with metastases to the cervical lymph nodes. A week after these biopsies, spontaneous regression of the neck tumor was identified on a CT scan of the neck (Fig. 1B) and regression of the primary tumor of the lung and mediastinal lymph nodes was observed on chest radiography. One month after the first presentation, spontaneous regression of the primary tumor and mediastinal lymph nodes was confirmed by chest radiograph and CT scan (Figs. 2B and 3B). Thereafter, the patient underwent irradiation of the vertebra and dura mater at the T9 metastatic site. Despite receiving no additional therapy for the primary tumor or the tumor of the neck, the size of these lesions continued to decrease, almost 
Discussion
Lung cancer metastasis to vascular-and lymphatic-associated organs is frequent and the most common metastatic sites are the lung, bone and brain (4) (5) (6) . Lymph node involvement is primarily regional in cancers of the internal organs, including lung cancer (4, 7) . Therefore, common sites of lymph node metastasis in lung cancer are the hilar, mediastinal and supraclavicular nodes. Metastasis to the cervical lymph nodes and thoracic vertebra are occasionally observed at advanced stages, suggesting that cancer cells may reach several sites throughout the body via the bloodstream and lymphatic system.
Spontaneous regression of malignant disease, according to a generally accepted definition, is a complete or partial, temporary or permanent disappearance of all or at least certain relevant parameters of a soundly diagnosed malignant disease, without any medical treatment or with treatment that is considered inadequate to produce the resulting regression (1,2) . The present case may be classified as a partial spontaneous regression according to this definition. Everson and Cole (2) reported only 176 cases of spontaneous regression between 1900 and 1964, with an estimated incidence of 1̸60,000-100,000 cancer patients. Challis and Stam (3) updated that review. According to their review, 741 cases of spontaneous regression of malignant diseases were reported in the literature between 1900 and 1987 (3). Although a variety of malignant diseases were reported, renal cell carcinoma, neuroblastoma, malignant melanoma, choriocarcinoma, bladder cancer, retinoblastoma, lymphoma, leukemia and breast cancer accounted for two-thirds of all the cases (3). Despite its incidence in a variety of malignant diseases, spontaneous regression in lung cancer is considered to be a particularly rare event (1,2,8,9 ). Everson and Cole (2) reported only two cases, whereas Lowy and Erickson had only found four previous cases in the medical literature when they reported an additional case of spontaneous regression in a patient with metastatic small-cell lung cancer in 1986 (10) .
In the present case, the histological diagnosis of lung cancer was established by specimens obtained during the transbronchial procedure; the neck lesion was also histologically confirmed to be metastatic from lung cancer by specimens obtained during the skin biopsy. Although histological confirmation of metastatic lung adenocarcinoma was obtained, the metastatic neck lesion disappeared shortly following the skin biopsy. Certain previous studies have reported spontaneous regression of metastatic lesions following removal of the primary lesion (11) (12) (13) (14) (15) , whereas other studies have reported spontaneous regression associated with infection (1, 16) . In the present case, however, spontaneous regression of the metastatic lesion was observed without any treatment of the primary or metastatic lesions; in addition, there was no infection of the primary or metastatic sites. It was recently reported that immunological mechanisms, including certain cytokines, such as interferon and tumor necrosis factor, may stimulate cytotoxic function against cancer cells, leading to spontaneous regression (17) (18) (19) . Unfortunately, blood samples were not obtained for immunological evaluation, as there was no expectation of tumor regression at the time. Therefore, data elucidating the precise immunological association are lacking and the exact mechanism of spontaneous regression of the metastatic lesion remains unknown.
We previously reported the case of a patient with lung adenocarcinoma exhibiting spontaneous regression of a scalp metastasis (15) . Notably, in that previous case, spontaneous regression of the scalp metastatic lesion developed after 1 month following biopsy of the scalp mass and the regression of the primary lung lesion also developed 1 month following a transbronchial biopsy (15) . In the present case, spontaneous regression occurred not only in the cervical lymph node metastatic lesion, but also in the primary lung lesion 1 month after obtaining the pathological specimens. It is noteworthy that, in these two patients, spontaneous regression developed shortly after a direct invasive approach to the tumor lesions, which is highly suggestive of an association between the onset of the regression and a change in the intratumoral immunological mechanism between the host and the tumor. A likely explanation is that there may be a stimulus associated with the direct invasive approach to the lesions, which initiates the spontaneous regression. However, the precise mechanism remains unclear and future studies are required to elucidate this mechanism. The patient should be closely followed up to monitor the clinical course of this unusual case. A later report may reveal the causes and broaden the knowledge regarding this uncommon phenomenon.
